We analysed 24 hour ambulatory electrocardiographic recordings obtained in 32 consecutive patients (15 men and 17 women, mean age 58'4 (3 3) years) with the sick sinus syndrome (25 patients) or atrioventricular block (seven). All patients had episodes of prolonged RR intervals > 26 s on 24 hour electrocardiographic recordings. Three patients were receiving class I antiarrhythmic agents. Patients with angina pectoris, myocardial infarction, valvar heart disease, congestive heart failure, myocardial disease, the WolffParkinson-White syndrome, bundle branch block, or artificial pacemakers were excluded from the study.
Heart rate is a major determinant of the QT interval.' 2 Prolongation of the QT interval is associated with malignant ventricular tachycardia and sudden death.'-5 Ventricular tachycardia is a significant complication of bradyarrhythmias and is often associated with QT prolongation in the presence of bradycardia.3 A slow heart rate is a major risk factor for abnormal QT prolongation.3 6 7 Little information is, however, available on the dynamic nature of the QT interval in nonphysiological bradycardia. We investigated the relation between QT and RR intervals in patients with episodes of bradycardia due to the sick sinus syndrome or atrioventricular block.
Patients and methods
We analysed 24 hour ambulatory electrocardiographic recordings obtained in 32 consecutive patients (15 men and 17 women, mean age 58'4 (3 3) years) with the sick sinus syndrome (25 patients) or atrioventricular block (seven). All patients had episodes of prolonged RR intervals > 26 s on 24 hour electrocardiographic recordings. Three patients were receiving class I antiarrhythmic agents. Patients with angina pectoris, myocardial infarction, valvar heart disease, congestive heart failure, myocardial disease, the WolffParkinson-White syndrome, bundle branch block, or artificial pacemakers were excluded from the study.
Twenty four hour electrocardiographic recordings were performed with a two channel Marquette series 8000 recorder and were analysed with a Marquette 8000 scanner. QRST complexes at preceding RR intervals, identified on RR interval histograms, were replayed at random from either lead 1 (right manubrial border of the sternum and the sixth rib at the left anterior axillary line) or lead 2 (left manubrial border of the sternum and 2 cm right of xiphoid process on the rib margin) and printed at a paper speed of 25 mm/s. Original recordings were magnified to 200% with a photocopier. The However, patients in group A showed a relatively flat QT/RR relation curve at longer RR intervals, whereas in group B the QT interval was prolonged even in the presence of obvious bradycardia (figure 1). Slope 2 was significantly lower than slope 1 in both group A and group B (table 2) . Both slope 1 and slope 2 were significantly higher in group A than in group B. The QT,, interval correlated positively with both slope 1 and slope 2 in the overall patient population (figure 2).
Discussion
Heart rate is a major determinant of the QT interval, which becomes short as heart rate Relation between QT and RR intervals in patients with bradyarrhythmias 
QT15 (s)
Thirdly, we ignored the variation in cycle lengths before the measured RR interval. The rate dependency of the duration of ventricular repolarisation is different when heart rate is S. 2 Most previous studies analysing stable and after an abrupt change. [16] [17] [18] /RR relation used heart rates (or RR
In conclusion, we found that most patients s) in the physiological range. To our with sinus node or atrioventricular node dysdge, ours is the first study to examine function have a flat QT/RR relation in the )onse of the QT interval to changes in presence of marked bradycardia. Compared :erval well beyond the physiological with patients with a normal QT interval, patients with a long QT interval have an exag-.ound that the QT interval was short-gerated QT prolongation with prolonged shorter RR intervals in patients with cycle lengths. sinus node or atrioventricular node dysfunction. Most patients, however, showed a relatively flat QT/RR relation curve at RR intervals > 1-4 s. Accordingly, we calculated the slope of the QT/RR relation at RR intervals < 1-4 s (slope 1) and > 1-4 s (slope 2) and found that slope 2 was significantly lower than slope 1 in both groups. Sarma et al estimated the QT/RR relation curve using an exponential formula and found that it tended to flatten out at long RR intervals.'0 The QT interval is an index of the duration of ventricular repolarisation.' 311 The duration of the action potential in ventricular and Purkinje fibres is shortened at higher pacing rates, but it shows little change at low pacing rates. '2 We found that both slope 1 and slope 2 were significantly higher in patients with prolonged QT,s intervals (> Q044 s; group B) than in those with normal QT1, intervals (group A) and were positively correlated with the QT,s interval. Merri et al measured the interval from the R wave to the maximum amplitude of the T wave (RTm) as an index of the duration of ventricular repolarisation and found that the slope of RTm/RR was significantly greater in patients with the long QT syndrome than in normal subjects.'3 They excluded, however, non-physiological RR intervals (> 2000 ms).
The long QT syndrome is associated with malignant ventricular arrhythmias and sudden death.3-5 Ventricular tachycardia (often torsades de pointes) is a significant complication
